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Abstract
Photoplastic effect in coloured alkali halide crystals
B P  C h a n d ra * , R  K P a n d e y  a n d  R a sh m i Ja in
Department of Post Graduate Studies and JRcseardi in Physics & fllecironics. 
Ram Durgavati University, Jabalpur, Wadhya Pradcsh-482 001, India
Considering the basic process of pholoplastic cflcci (PPE), aii expression is derived tor PPE, which reads as 
Act-
The pioposed theory is able to explain temporal, deformation, strain- rate, spectral, light intensity, coloration, dimension and thermal characteristics 
ol l*PB PPE can be used to determine the life time of the dislocation captuied F‘-centres in crystals and the pinning time o( dislocations It is shown 
it»at the lifetime ot dislocation'-captured F'-centres is longer as compared lo the lileliine ot noiinul F'-ccnties, # e . the dislocation non captured F‘- 
jcmrcs present in the bulk.
Kcjword* Photoplastic effect, dislocations, alkali halides 
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i . In trcK luction
P h o lop lastic  e f f e c t  (P P I i)  is a  p h e n o m e n o n  in w h ic h  th e  flo w  
sttess o f  m a te r ia ls  is  a p p re c ia b ly  a f f e c te d  b y  il lu m in a tio n  o f  
light w ith  a  w a v e le n g th  a ro u n d  th e  in te n s iv e  a b s o rp tio n . T h e  
ctfoci is a lm o s t re v e rs ib le  a n d  it c a n  be e i th e r  n e g a tiv e  (so f te n in g  
of the  c r y s ta l  u n d e r ,  i l lu m in a t io n )  a s  in  G a A s  o r  p o s i t iv e  
(harden ing) a s  in  m o s t I l -V I  c o m p o u n d s  11,2]. T h e  p h e n o m e n o n  
is a ls o  k n o w n  as  p h o to - m e c h a n ic a l  e ffe c t.
PPH h a s  b e e n  o b s e r v e d  in  a lk a l i  h a lid e s , s e m ic o n d u c to rs  
and o th e r m a te r ia ls . In  a lk a l i  h a l id e s , P P B  h a s  b e e n  k n o w n  to  be  
H 'la le d  to  t h e  i n t e r a c t i o n  b e t w e e n  c o l o u r  c e n t e r s  a n d  
d is lo ca tio n s. C ry s ta ls  w h ic h  c o n ta in e d  n o  c o lo u r  c e n tr e s  d id  
not e x h ib it th e  P P E  a t a n y  te m p e ra tu re .  W h e n  th e  s a m p le  is 
illum inated  b y  a  l ig h t w ith  c e r ta in  w a v e le n g th  d u r in g  th e  p la s tic  
d e lo rm a lio n , th e  in c r e a s e  o r  d e c r e a s e  in  f lo w  s t re s s  o c c u rs  
because th e  p h o to - io n iz e d  e le c tr o n s  f ro m  F -c e n tre s  in f lu e n c e  
die m o tio n  o f  d is lo c a t io n s .  O n  th e  b a s is  o f  th e s e  o b s e rv a tio n s , 
in a lk a li h a lid e s  h a s  b e e n  e x p la in e d  b y  se v e ra l in v e s tig a to rs  
1^  *7], so m e  o f  w h ic h  h a v e  p ro p o s e d  an  in te ra c t io n  o f  e le c tro n s  
c h a rg e d  d is lo c a t io n s .  H o w e v e r ,  it h a s  n o t y e t b e e n  m a d e  
^dcar h o w  th e  p h o to - io n iz e d  e le c tr o n s  in f lu e n c e  th e  m o tio n  o f  
c h a rg e d  d is lo c a t io n .
Corresponding Author
T lic  p re s e n t p a p e r  re p o r ts  a  th e o ry  o f  P P E . w h ic h  is b a sed  
o n  th e  in te ra c t io n  b e tw e e n  m o v in g  d is lo c a t io n s  a n d  p h o to -  
o b s la c lc  p ro d u c e d  d u r in g  th e  p h o to io n iz a t io n  p ro c e s s .
2 . T h e o ry
F ro m  th e  s e v e r a l  e x p e r im e n ts ,  it h a s  b e e n  c o n f i r m e d  th a t 
p h o to p la s tic  e ffec t is c lo se ly  re la ted  lo  th e  e x c ita tio n  o f  F -cen tres . 
T y p ic a l p h o to c h e m ic a l p ro c e s s  o f  F -c e n tre s  d u rin g  F -h le a c h in g  
a t a ro u n d  ro o m  te m p e ra tu re  m a y  be e x p re s s e d  as
^  F' -f F^ ,
w h e re  /• ' IS th e  c e n tre  h a v in g  tw o  e le c tro n s  in a n e g a tiv e  ion  
v a c a n c y  an d  F^ is th e  n e g a tiv e  io n  v a c a n c y  w ith o u t tr a p p e d  
e le c tro n s .
N a d e a u  131 h a s  sh o w n  th a t F^ c e n tre  c a n  b e  e lim in a te d  as 
h a r d e n in g  c e n t r e  a t  a r o u n d  r o o m  t e m p e r a tu r e .  T h u s ,  th e  
in te ra c t io n  b e tw e e n  th e  p o s i t iv e ly  c h a rg e d  d is lo c a t io n s  a n d  A - 
c c n lre  m a y  b e  re s p o n s ib le  fo r  th e  P P E .
O n  i l lu m in a tin g  F -c c n lrc s ,  e q u il ib r iu m  s ta le  o f f  F' is 
a c c o m p lis h e d  in  a  fe w  s e c o n d s . D is lo c a tio n s  a re  a s s u m e d  to  
h a v e  c o n s ta n t e q u il ib r iu m  c h a rg e s  ( p ) p e r  u n it le n g th  a n d  th e y  
can  in te ra c t w ith  F '-  c e n tr e s  o n ly  in  a  c y lin d ric a l re g io n  o f  ra d iu s  
R  a ro u n d  d is lo c a t io n s  w ith  a p p ro p r ia te  m e a n  s t r e n g th  ( / ) .
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D is lo c a tio n  d e n s i t ie s  a re  e x p e c te d  to  in c re a se  w iih  th e  in c re a se  
o f  th e  s tra in  ( f ) .  In  th is  c a s e ,  th e  in te ra c t io n  c o u ld  b e  e x p e c te d  
to  in c re a se  in  th e  c ry s ta l w ith  p la s tic  d e fo rm a tio n . E rm a k o v  et al 
[81 h a v e  sh o w n  th a t th e  p h o to -o b s ta c le  c e n tre s , re s p o n s ib le  fo r 
P P E  in  a lk a li h a lid e  c ry s ta ls  a rc  F -c c n lre s ,
W h e n  a  c o lo u re d  a lk a li h a lid e  c ry s ta ls  is p la s tic a lly  d e fo rm e d , 
th e  m o v e m e n t  o f  d i s l o c a t i o n s  ta k e s  p la c e .  "Fhe m o v in g  
d is lo c a t io n s  m a y  c a p tu r e  e le c tro n s  fro m  th e  c o lo u r  c e n tr e s  an d  
m a y  s u b s e q u e n t ly  t r a n s p o r t  th e  c a p tu r e d  e le c tr o n s  to  h o le  
c e n tr e s , d e e p  tra p s  a n d  o th e r  c o m p a t ib le  tra p s  in th e  c ry s ta l .  A s  
a  m a t te r  o f  th e  fac t, d e fo r m a t io n  b le a c h in g  o f  th e  c o lo ra t io n  in 
a lk a li h a lid e  c ry s ta ls  m ay  ta k e  p la c e . S u p p o se  a  c ry s ta l c o n ta in s  
Nj  d i s lo c a t io n s  o f  u n i t  le n g th  p e r  u n it  v o lu m e . W h e n  
d is lo c a tio n s  w ill m o v e  th ro u g h  a  d is ta n c e  d x , th e n  th e  a re a  sw e p t 
o u t b y  th e  d is lo c a t io n s  w ill b e  T h e  d e fo rm a tio n  b le a c h in g  
in  c o lo u re d  A lk a li  h a lid e  c ry s ta ls  ta k e s  p la c e  d u e  to  th e  tr a n s fe r  
o f  e le c tro n s  fro m  F -c e n tre s  to  th e  d is lo c a t io n  b a n d  a n d  th e ir  
s u b s e q u e n t  re c o m b in a t io n  w ith  o th e r  c e n tr e s .  N e a r  an  e d g e  
d is lo c a t io n , s o m e  o f  th e  F -c e n tre s  lie  in  th e  e x p a n s io n  re g io n  
a n d  s o m e  o f  th e  F -c e n t r e s  lie  in  th e  c o m p r e s s io n  re g io n . In  th e  
e x p a n s io n  r e g io n , th e  e n e rg y  g a p  b e tw e e n  g ro u n d  s ta te  o f  F - 
c e n tr e  le v e l a n d  d is lo c a t io n  b a n d  w h ic h  lie s  ju s t  a b o v e  th e  
g ro u n d  .state o f  F -c e n t r e  le v e l (9 , lOJ d e c re a s e s  d u e  to  th e  
d e c re a s e  in  th e  lo c a l d e n s i ty  o f  th e  c ry s ta l ,  h o w e v e r , th e  e n e rg y  
g a p  b e tw e e n  th e  g ro u n d  s ta te  o f  F -c e n lrc  le v e l a n d  d is lo c a tio n  
b a n d  in c re a s e s  in  th e  c o m p r e s s io n  re g io n  o f  th e  d is lo c a t io n  
d u e  to  th e  in c r e a s e  in  th e  lo c a l d e n s i ty  o f  th e  c ry s ta l .  S in c e , 
th e re  is a  g re a te r  p ro b a b i li ty  o f  th e  tr a n s fe r  o f  e le c tro n s  fro m  th e  
F -c e n tre  ly in g  in  th e  e x p a n s io n  re g io n  ra th e r  th a n  fro m  th e  
c o m p r e s s io n  re g io n  o f  th e  e d g e  d is lo c a t io n s ,  th e  in te ra c t io n  
v o lu m e  m a y  b e  ta k e n  o n ly  a lo n g  th e  e x p a n s io n  re g io n  o f  th e  
c ry s ta ls . T h u s , th e  v o lu m e  in  w h ic h  d is lo c a t io n s  in te ra c t 
w h ile  m o v in g  th ro u g h  a  d is ta n c e  d x  m a y  b e  g iv e n  b y  Nj dx r^ , 
w h e re  is th e  d is ta n c e  u p  to  w h ic h  a  d is lo c a t io n  c a n  in te ra c t 
w ith  th e  c o lo u r  c e n tr e s .
I f  Nfr is  th e  n u m b e r  o f  F -c e n lr e s  in  u n it  v o lu m e , th e n  th e  
n u m b e r  o f  c o lo u r  c e n tr e s  in te ra c t in g  w ith  th e  d is lo c a t io n s  w ill 
b e  tip tf^dx. I f  a  d is lo c a t io n  m o v e s  th e  d is ta n c e  dx in  tim e  dt, 
th e n  th e  ra te  o f  in te ra c t io n  o f  th e  n u m b e r  o f  F -c e n tre s  w ith  
d is lo c a t io n s  m a y  b e  g iv e n  by
g, =  Njnprp ^  .
or g,= —nFlF» b ( 1 )
In  th e  P P E  e x p e r im e n t, th e  s a m p le  is e x c ite d  by  e x p o s in g  it to 
lig h t a t /  =  /^  .
I f  7 , a n d  th e  ra te  c o n s ta n ts  fo r  th e  tra n s fo n n a t io n  of 
e x ite d  F - c e n tre s  in to  n o m ia l  F - c e n tr e s , a n d  fo r  th e  fo rm a tio n  < >{ 
F ‘-c e n tre s  f ro m  th e  e x c ite d  F - c e n tr e s ,  re s p e c tiv e ly , th en  wt 
m a y  w rite  th e  fo l lo w in g  ra te  e q u a tio n
dn^
(3)
w h e re  n^ , is  th e  n u m b e r  o f  e x c i te d  F -c e n t r e s  a t a n y  tim e /. 
In tegra ting  eq. (3) and  tak ing  =  0, at r =  , w e get
T h u s , th e  ra te  o f  g e n e ra t io n  o f  P - c e n t r e s  m a y  b e  w ritten  as
w i  ■♦■y2 ^
(5)
A s 1 / ( 7 |  + 7 2 ), is th e  l i f e t im e  o f  e x c ite d  F -c e n tre s  an d  It IS 
v e ry  sh o r t, ( 7 1  +  7  >) v e ry  h ig h  a n d  in  e q u il ib r iu m , th e  rate o{ 
g e n e ra t io n  o f  F -c e n tre s  m a y  b e  w r it te n  as
{())
I f  r  =  1 /  /I  is  th e  l i fe t im e  o f  n o n n a l  F ’-c e n tre s , th en  w c e;ni 
w rite
dn
dt
r  =C,. -prtF- . (7)
w h e re  n,,-. is  th e  n u m b e r  o f  F - c e n t r e s  a t  a n y  tim e  /. S in ce  ih<' 
w i l l  d e p e n d e n t  o n  th e  r a te  o f  g e n e r a t io n  a n d  ra te  ol 
r e c o m b in a t io n  o f  F ’- c e n t r e s ,  th e  c o n t r ib u t io n  o f  F-cenlrc 
in te ra c t in g  w ith  d is lo c a t io n s  is  n o t ta k e n  in to  a c c o u n t to  the 
r ig h t h a n d  s id e  o f  th e  e q . (7 ) .
In te g ra t in g  e q . (7 )  a n d  ta k in g  =  0  a t / =  /^ . th e  tim e ai 
w h ic h  lig h t  is tu rn e d  o n , w e  g e t
« F' =  -  e x p  [ - P ( r  -  f,.)]}. (K)
F o r  lo n g e r  d u ra t io n  of e x p o s u r e  to light, i,e. in  equilibrium, 
eq . ( 8 ) m a y  b e  e x p re s s e d  a s
w h e re  is  th e  a v e ra g e  v e lo c i ty  o f  d is lo c a t io n s ,  e =  Njbvj  is  
th e  s tra in  ra te , a n d  b is th e  B u rg e r s  v e c to r .
I t  h a s  b e e n  s h o w n  in  o u r  p re v io u s  p a p e r  [1 1 ]  th a t  th e  d e n s i ty  
fif; o f  th e  F -c e n tre s  in  c o lo u r e d  a lk a l i  h a l id e  c ry s ta ls  d e c re a s e s  
w i th  p o s t  i r r a d ia t io n  d e f o r m a t io n  o f  th e  c r y s ta l s ,  a n d  th e  
d e p e n d e n c e  o f  o n  th e  s t ra in  e  m a y  b e  e x p re s s e d  a s
^  P
(9)
I f  r  is  th e  ra d iu s  o f  in te ra c t io n  o f  d is lo c a t io n  w ith  the t  
c e n tr e s  p ro d u c e d  d u r in g  e x p o s u r e  o f  th e  s a m p le  to  lig h t, then 
s im i la r ly  to  th a t  o f  th e  F - c e n t r e s ,  th e  r a te  o f  generation ol 
in te ra c t in g  F - c e n l r c s  m a y  b e  e x p re s s e d  a s
(2)
g' ----- exp (-ae).
bP^Yx^Yi)
(10)
P hotoplastic  effect in coloured alka li halide crystals 445
I f  5 |  is  th e  c o n s ta n t  fo r  th e  t r a n s fo r m a t io n  o f  in te ra c t in g  F-  F o r  lo w  s ta in  -  ra le , m ay  b e  ta k e n  as  c o n s ta n t d u r in g  th e
cen tres in to  F - c e n t r e s  b y  th e i r  r e c o m b in a t io n  w ith  F * -c c n tre s  m e a s u re m e n t o f  s in g le  P P F ,  w h ic h  is  c o m p le te d  in  a  sh o r t 
+  /r+  2F) a n d  is  th e  r a te  c o n s ta n t  fo r  th e  c a p tu re  o f  d u ra t io n , f h u s ,  in te g ra t in g  e q . (1 7 )  a n d  ta k in g  / g  = 0 , at f =  f ,
F -c e n tre s  b y  th e  d is lo c a t io n s ,  th e n  w e  c a n  w rite  th e  fo l lo w in g
equation
dn,
dt
n . / = ~ { l - e x p [ - < 5 „ ( / - / , )]} .
^ 0
( 18)
F’m m  cq s . (1 6 )  an d  (1 8 ) , w c  gel
where 5  =  ( 5 |  “i - ) •
N o w  s u b s ti tu t in g  th e  v a lu e  o f  f ro m  cq . (1 0 ) , w c  g e t 
dn', i 'r J iA n
-  -  e x p  { -a e )~ b n , ,
dt b p l y . + y , )
n., =
^ie>'^y2An J ,  f ^ S e
(II)
+y i){5-u ,.e )
{ l - c x p [ - b 'o ( f - / ,  ) ]} . ( ly )
It is k tu )w n  th a t th e  fo rce  c a u se d  by  a u n ifo rn ) sh e a r  s tre ss  
^  is h'-hes  pur u n it le n g th  o l d is lo c a t io n  (141 T h u s , th ew here n\  is th e  n u m b e r  o f  in te ra c t in g  F -  c e n tr e s  a t a n y  tim e  / 
jiul M 5 IS th e  li f e t im e  o f  in te ra c t in g  F - c e n l r e s  o r  th e  p in n in g  p t io io p la sn c  e ffe c t « 'a y  be  g iv e n  by 115) 
!)inc o f  d is lo c a t io n s  1 1 2 ].
If is th e  d e fo r m a t io n  c o e f f ic ie n t  o f  th e  in c re a se  in ra d iu s  
ot in te ra c tio n  1 13) h e lw e c n  th e  d is lo c a t io n  a n d  F - c e n t r e s ,  th e n  
wc m av w rite
J ",I Dn, .
r, =r ,  ( H - a „ f ) .
w lictc /;*' IS th e  v a lu e  o f  r  fo r  u n d e fo r tn e d  c ry s ta ls . 
1 or fJT(jr «  1 , c q . ( 1 2 ) m a y  h e  e x p re s s e d  as 
/; ^  /*/' e x p
From cqs.  ( 1 1)  and ( 13 ) ,  w e  get
( 12)
h h  
w h e re  D = (;r /') / h is a c o n s ta n t .
N ow , s u b s titu tin g  th e  v a lu e  o f  n  ^ f ro m  eq . (1 ^ ) , w e  g e l
( 20)
Aa  = c x p ( - r /^ ,  n - e x p
(13)
dn;
e x p  ( - « „  a ) - S n ; ,
dt
where = ( a - a o ) .
In te g ra t in g  c q . (1 4 )  a n d  ta k in g  n; ~  0  a t / 0 , w e g e t
^ohpiY] +  72 
{ l - c x p [ - 5 o ( / - t , ) ] }  
o r zi(T -  ( / i ( T ) , | l  - c x p [ - 5 „ ( / - / ,  ) ] | .  
( 1 4 ) w h e re  (x^fT)^ =
-8e
e x p  ( - a ^ ,  D - c x p i  - r -
Se
( 2 1 )
(22)
(23)
3. Experimental .support to the present theory
kr^'y^An
--------- :— t — :— 7~ [ e x p  ( ~ a ^  r r )  ~ c x p ( ~ 5 / ) j .  (15) F^’ig u re  1 sh o w s  the  IT F i fo r  N aC l an d  K C l c ry s ta ls  m e a s u re d  l^y
In o u e  el cd [1 5 ] at lo o m  te m p e ra tu re .  W h e n  ib c  s a m p le  is 
i l lu m in a te d  d u r in g  d e f o r m a t io n ,  r i s e  in  th e  f lo w  s t r e s s  isT h u s , th e  r a te  o f  g e n e r a t io n  o f  d is lo c a t io n - c a p tu r e d  F '-  
'-eriiies m a y  be w r it te n  a s
^'^PiY\‘^ Y i ) ( 5 - a ^ k )
c x p F - a ^ e l - c x p l
<-'cnircs, th e n  w c  c a n  w r ite  th e  fo l lo w in g  ra te  e q u a tio n
dn,i
dt
‘ Sit » (17)
A iT /  
/ t
i r  
r " - t
a iG H T O N
k i G H T O F F
/
(a)NaQ
d ! r ...... 0 4
(b)
STRAIN (%)
06
^hcre is the dislocation captured F-centres at any lime t.
STRAIN r%)
Figure 1. Photoplastic effect for (a) NaCI and (b) KCl measured at room 
temperature. Turn on and off of illumination are marked by arrows (strain 
rate 1.2 X 10"* s5‘) (after Inoue et at [15])
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o b s e r v e d .  A  r e g i o n  o f  s t e a d y  f lo w  s t a t e  k e e p s  d u r i n g  
i l lu m in a t io n .  W h e n  th e  l ig h t  is  tu r n e d  o ff , th e  f lo w  s t r e s s  
d e c re a s e s  e x p o n c n n tia l ly  to  th e  in itia l s tre s s  lev e l. T h e  re s u lt 
il lu s tra te d  in  F ig u re  2  in d ic a te s  th e  lin e a r  in c re a se  o f  A a »w h e n  
th e  lig h t is tu rn e d  o n  (6 ], S u c h  lin e a r  in c re a se  o f  Aa^ a tta in m e n t 
o f  s a tu ra tio n  v a lu e  a n d  e x p o n e n tia l  d e c a y  a re  in d ic a te d  by  e q . 
(22).
I '^igurc 2. Typical examples of the PPH in coloured KCI (strain rale 5 x 
10 ' s~‘) (after Hagihara e t  a l  (61])
T h e  d e c a y  tim e  o f  d is lo c a tio n  c a p tu re d  l^ ”>centres d e te rm in e d  
fro m  th e  r ise  o f  P P E  in K C I c ry s ta ls  w ith  t im e  is  d e te rm in e d  
u s in g  e q . (2 2 )  a n d  it is fo u n d  to  b e  2 .5  sec  a n d  2 .0  .sec fo r  166  K  
a n d  2 3 3  K , re sp e c tiv e ly . T lic  d e c a y  tim e  o f  d is lo c a tio n -c a p tu re d  
F - c c n l r e s  is d e te r m in e d  fo r  N a C l c ry s ta ls  a n d  is fo u n d  to  b e  1 . 6  
see  [3 ] . F ig u re  3 s h o w s  th e  d e p e n d e n c e  o f  Ag th e  s tra in  
le v e l, fo r  K C I c ry s ta l ,  w h e re  th e  e x p e r im e n ta l  d a ta  h a v e  b e e n  
ta k e n  f ro m  th e  r e s u l ts  r e p o r te d  b y  In o u e  et al 1151 a n d  th e  
th e o re t ic a l  d a ta  a rc  b a s e d  o n  e q . (2 3 ) , h e re  AGq c o r r e s p o n d s  to  
th e  v a lu e  o f  Aa  fo** ^ c ro  s tra in  le v e l.
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Figure 3. The dependence of the phofoplastic effect on strain level for 
KCI crystals having F-cenirc concentration = 4.7 x 10*^  cm ’. 
Illumination was done with monochromatic light of .56.^  nm which lies 
near the F-pcak wavelength. The magnitude of i^cr is normalized by that 
of A a  at f  arO, that is, {Aa^)) (after Inoue al [15]).
H a g ih a ra  e t a l  [5 ]  h a v e  s tu d ie d  th e  s t ra in  -  ra te  d e p e n d e n c e  
o f  P P E  fo r  c o lo u re d  K C I c ry s ta ls  a t  1 6 6  K  a n d  it h a s  b e e n  fo u n d
th a t  Aa  in c re a s e s  lin e a r ly  w ith  th e  s t ra in  ra te . C a b re ra  and 
A g u llo -  L o p e r tz  [7 ] h a v e  s tu d ie d  th e  d e p e n d e n c e  o f  P P E  on 
lig h t in te n s i ty  fo r  K C I c ry s ta l .  It is  fo u n d  th a t ,  in i tia lly , th e  PPli 
in c re a s e s  l in e a r ly  w ith  lig h t in te n s i ty  a n d  th e n  it te n d s  to  attain  
a  s a tu ra tio n  v a lu e  fo r  h ig h e r  in te n s i ty  o f  th e  lig h t.
I 'ig u re s  4 (a )  a n d  (b )  s h o w s  th e  d e p e n d e n c e  o f  Aa  /  Aa^ <>n 
th e  w a v e le n g th  (o r  p h o to n  e n e rg y )  o f  e x c it in g  lig h t [ 15] fo r  NaC) 
a n d  K C I c ry s ta ls , r e s p e c tiv e ly , w h e re  A a f  is th e  m a g n itu d e  lor 
Aa  g iv e n  a t th e  s a m e  s t r a in  le v e l  in  th e  e a s e  o f  F-l ighi  
i l lu m in a tio n , 4 6 5  n n i fo r  N a C l a n d  5 6 5  n m  fo r  K C I, re sp ec tiv e !) 
S o lid  c u rv e  in d ic a te s  th e  o p tic a l a b s o rp tio n  s p e c tra  n ea r the 
F  - b a n d  p e a k . B o th  c u rv e s  ro u g h ly  re s e m b le  th e  re sp ec tiv e  
F  - a b s o rp tio n  b a n d s . S u c h  fa c t  is e x p e c te d  fro m  th e  p ro p o sed  
th e o ry .
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Figure 4. Dependence if the phutopla.stic cl led  on v \a \c lrn‘:ih 
photon energy) of cxeiti ig light lor (a) NaCl and (b) KCI dysial', 
ccfilic eonceniration (N.) for NaCl aiul KCI are I 0 x 10' ein ‘ and t 
10“'' cm respectively Solid curves coircspond to the opiical absf)ipii( 
spectra near ihe F'band peak (aliei Inoue ( t  a l  [15))
E q . (2 3 )  in d ic a te s  th a t fo r  a g iv e n  .strain th e  P P E  should 
in c re a se  lin e a rly  w ith  th e  in itia l c o lo u r  c e n tre  c o n c e n tra tio n  
T h is  is  p ra c t ic a l ly  tru e  fo r  s a m p le s  h a v in g  lo w  c o n c e n tra tio n  ul 
c o lo u r  c e n tr e s  w h e re  th e  e f fe c t o f  n o n -u n ifo rm  cv ilo ra lio n  docs 
n o t o c c u r  |7 j .
F ig u re  5 s h o w s  th e  k in e t ic s  o f  th e  s t re s s  d e c a y  a f te r  light 
tu r n e d  o f f  f o r  a d d i l i v e l y  c o lo u r e d  K C I c r y s t a l s  | 3 | .  T lu
F ig u re  5. Kinetics o f ihc stress decay after light is turned off. Addilively
coloured KCI (after Nadeau (3)).
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temperature dependence o f the rate constant for stress decay 
follow s the Arrhenius plot. This fact shows that the lifetime of 
d is lo c a tio n  captured F -cen tre s  decreases w ith  increasing 
temperature of the crystals [3],
4. Conclusions
The important conclusions drawn from the study of PPE in 
i;(4oured alkali halide crystals are as given b e lo w :
(j) Considering the basic process, an expression is derived 
for PPE
(ii) The proposed theory is able to explain temporal, 
deform ation, strain-rate, spectral, light intensity, 
coloration, dimension and thermal characteristics of 
PPE
(hi) PPE can be used to determ ine (he lifetim e o f the 
dislocation captured F '-centres in crystals and the 
pinning time o f dislocations. It is shown that the lifetime 
o f d is lo c a tio n -c a p tu red  F '-cen tre s  is longer as 
compared to the lifetime of normal F-centres, i.e., 
the dislocation non-captured F-centres present in the 
bulk.
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